SUMMARY High-density lipoprotein (HDL) levels were studied in 10 male patients with severe coronary atherosclerosis and in 10 well-matched controls. All subjects were normolipidemic, and the presence of a disease or other factor influencing HDL levels was excluded. Very low density lipoprotein and low-density lipoprotein levels were similar in both groups, but HDL concentration was significantly lower in the patient group. Analysis of HDL subfractions revealed that both HDL2 and HDL3 concentrations were significantly lower in the patient group. The composition of both HDL subfractions was also altered in the patient group: an increased cholesterol-to-protein ratio was found. These data strengthen the evidence in support of an important and independent role for HDL in the pathogenesis of coronary atherosclerosis. It appears that both HDL2 and HDL3 are implicated and that both the concentration and composition of HDL are important.
CORONARY heart disease (CHD) is the main cause of death in the Western world.' The pathogenesis of CHD is not clear, and the interrelationships of many factors appear to have a role. Hyperlipidemia increases the risk for CHD, but about half of the patients with CHD have normal plasma lipid levels. An inverse relationship between CHD and high-density lipoprotein (HDL) levels has been established for both the cholesterol and apoprotein components of the lipoprotein.2 3 HDL, however, is not a homogeneous moiety, and the concentration and composition of the HDL subclasses in CHD have hardly been studied. Gofman et al. 4 determined the HDL2 and HDL3 concentrations of the lipoproteins by analytic ultracentrifugation. Concentrations of both subfractions were depressed in CHD patients, but because most of the patients were hyperlipidemic, interpretation of the results proved difficult.
A positive cholesterol balance in the cells of the primary atherosclerotic lesion may be responsible for the evolution of this lesion into an advanced plaque,5 and HDL may remove cholesterol from extrahepatic tissues6 and thus prevent its accumulation. We therefore decided to study HDL concentration and composition in normolipidemic CHD patients. Patients with definite angiographic evidence of the disease were selected. Both the lipid and protein components of HDL and its subfractions were determined.
Methods Patients
Ten men, ages 38-64 years (mean 55 years), who had undergone coronary angiography for symptomatic CHD and were shown to have an occlusion of more than 70% of the diameter of at least one major coronary artery and who also fufilled the following criteria were selected for study. None gave a history of hyperlipide-mia, alcoholism, diabetes mellitus, or kidney, liver or thyroid disorders. None was following a special diet, taking drugs, had suffered a recent acute illness, or had a recent drastic change in physical activity. Obese patients were excluded. Levels of fasting blood sugar, blood urea nitrogen, plasma creatinine, uric acid, SGOT, alkaline phosphatase, tri-iodothyronine and thyroxin, fasting plasma cholesterol and triglycerides, blood hematocrit and platelet concentration were all normal.
The control group comprised 10 men, ages 33-65 years (mean 53 years), attending the outpatient department for a periodic health examination. They all fulfilled the above criteria and none complained of angina pectoris. All had normal resting ECGs and normal standard ergometric exercise tests.20
Both patients and controls were Ashkenazi Jews originating from Eastern Europe. All had sedentary jobs, but the control subjects had a higher socioeconomic status.
Five of the patients were smokers; four had smoked 20-30 cigarettes daily for 20-40 years and one smoked [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] in CHD patients in one reported study only.4 Levels of both subclasses were depressed, but the method did not determine changes in any of the components.
Our patients with CHD had low HDL levels; this finding was unrelated to the extent of disease. Cholesterol, triglyceride and protein components of both total HDL and HDL subclasses were universally depressed. Differences in HDL composition in the patient group were also apparent: the ratio of cholesterol to protein was increased in the HDL2 and HDL3 subfractions. The careful selection of our subjects suggested that these findings were independent of any other variable. LDL and VLDL levels and the cholesterol, triglyceride and protein composition of our subjects were normal, and CHD patients did not differ from controls. There was no correlation between HDL and its components and the components of the other lipoproteins. The normal levels of the VLDL and LDL proteins in our patients did not conform with the findings of Sniderman et al. ,15 who found increased apolipoprotein B levels in their normolipidemic CHD patients. It thus appears that in our selected patients, the low HDL levels represent a primary phenomenon, perhaps genetically determined, since correlations with other variables were not found.
The protective effect of HDL has been described as being due to the role of this lipoprotein in "reversed cholesterol transport," whereby excess cholesterol is taken up by the HDL and removed by the liver.6 Alternatively, HDL may reduce delivery of cellular cholesterol by impairing LDL binding to the cell surface. '6 Another mechanism relates to the role of HDL as a scavenger during chylomicron and VLDL hydrolysis, whereby HDL availability would determine the amount and kind of "Iremnants" taken up by the macrophages of the arterial wall.17 None of these mechanisms have been proved, but in our group of CHD patients with their low VLDL and LDL levels, delivery of excess cholesterol does not appear to be the problem. The low HDL levels, however, could result in impaired cholesterol removal or give rise to the accumulation of "remnants" after catabolism of triglyceride-rich particles (TRP) such as chylomicrons and VLDL. The accumulation of these remnants might promote atherosclerosis.'8 An increase in the HDL2/ HDL3 ratio is said to indicate increased TRP degradation, during which the HDL3 particle accumulates surface remnants from the triglyceride particles and is converted into HDL2.'9 JHDL2 and HDL3 levels were decreased in our patients, indicating possible impairment of TRP degradation and accumulation of remnants.
In this study, we focused attention on the independent relationship between low HDL levels and established CHD. All components of the HDL moiety were reduced and some alterations in HDL composition were observed. These findings indicate disturbance of HDL metabolism, but the mechanisms underlying the relationship between these changes and the development and propogation of atherosclerosis remain unclear and await further study. loads, beginning with 1.7 mph at a 5% grade and increasing to 1.7 mph at a 10% grade, 2.5 mph at 16% grade, 3.4 mph at 14% grade, and 4.2 mph at a 16% grade. The exercise was continued to the point of fatigue, chest pain or dyspnea. Criteria of a positive response included horizontal ST-segment depression or elevation > 1 mm in lead I and > 1.5 mm in leads II and III and in the precordial leads. Selective left ventriculography was performed using simultaneous biplane recording; volumetric calculations were derived by computerized motion analysis.
The extent of arterial narrowing was estimated from multiple projections (right anterior oblique, left anterior oblique and lateral) and expressed as a percentage of cross-sectional area in the left main coronary (LCA), the anterior descending (LAD), the circumflex (Cx), and right coronary (RCA) arteries and their major branches. A reduction -70% of the cross-sectional area of the vessel lumen was considered hemodynamically significant. Details of these procedures have been described. 4 Resting myocardial scintigrams were performed on 180 patients after selective injection (at coronary arteriography) of technetium-99m microspheres (2.6-3.4 p,Ci) into the left and right coronary arteries. Projections corresponding to those of arteriography itself were obtained with an Anger camera, and then integrated in a data acquisition, storage, processing, and display system developed by Adams et al. 5 The images were photographed separately as a series of 10 colorcoded isocount contours in spectral sequence. The channel with maximal counts was arbitrarily assigned the color red, and successive 10% decreases in counts were recorded as serial color gradations toward the CIRCULATION 926
